Properties, tissue distribution and biosynthesis of membrane antigens of chromafnn granules
We will discuss these antigens (for further details see [Z] ) according to their function. For the uptake and synthesis of catecholamines several proteins are necessary. The carrier for the uptake of these amines, which is specifically blocked by reserpine, is a glycoprotein of about 80 kDa [4, 51. For driving this uptake a proton-pumping ATPase is essential; this belongs to the vacuolar type also found in lysosomes [6] . In its structure, as seen at the ultrastructural level, this ATPase resembles the mitochondria1 F, ATPase [7] . On the surface of a single chromafin granule about 22 'stalked particles' could be seen by the negative-staining technique [7] .
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enzyme dopamine B-hydroxylase. This protein represents the major protein (and glycoprotein) of the granule membrane [8] . There has been a considerable controversy concerning how this protein is anchored in the membrane (see [Z] ). It appears now that this is achieved by an uncleaved signal peptide [9] .
The cytochrome b-56 1 provides reducing equivalents for the function of dopamine /3-hydroxylase. The primary amino acid sequence of this membrane-spanning protein has been deter- [23] . Within these tissues these antigens are found in the endocrine storage vesicles (see [2] ). Furthermore for the large dense-core vesicles (at least of sympathetic neurons) the presence of cytochrome b-561, carboxypeptidase H, glycoprotein I1 and I11 has been established [24] .
Thus one can conclude that both the membranes of endocrine vesicles and those of large dense-core vesicles of nerve share many common antigens. This is an expression of the common function of these membranes as recycling containers for the uptake, storage and modification of amines, chromogranins and neuropeptides. Recently, we have discovered that glycoprotein I1 is not only present in endocrine and exocrine tissues [23] but also in kidney tubule cells. Studies on the subcellular distribution (including immuno electron microscopy) revealed that in this tissue glycoprotein I1 is present in lysosomal membranes [22] . Thus, lysosomes and secretory vesicles, which are both derived from the Golgi region, share one major glycoprotein. The only other proteins which are known to have an analogous localization are the subunits of the vacuolar-type ATPase [6] .
For the biosynthesis of these membranes there are in principle two possibilities: (i) the synthesis of all membrane antigens is regulated together, i.e. en bloc; or (ii) the biosynthesis of various antigens can be turned on separately. We have recently shown that the second possibility is the more likely one [25] . After stimulation of the adrenal medulla the biosynthesis of dopamine p-hydroxylase [26] is increased which is the consequence of elevated mRNA levels [27] . Concomitantly the levels of the amine carrier are increased, whereas those of cytochrome b-561, carboxypeptidase H and synaptin'lsynaptophysin remain unaltered [25] 
unpublished work). Such a differential biosynthesis must lead to changes in the composition of newly synthesized granule membranes. In fact, we have already demonstrated that after reserpine treatment of rats the dopamine B-hydroxylase content per mg of membrane protein of isolated chromaffin granules is significantly increased [ 281.
Membrane antigens of synaptic vesicles
These antigens and their tissue distribution has recently been reviewed [ 1, 21 and we will therefore present here only the most pertinent facts. The first antigens which were isolated and characterized were synaptin [ 291, p65 [ 301 and SV 2 [ 3 11. Synaptin was later rediscovered (see [32] ) as p38 or synaptophysin [ 11. Further antigens isolated from these vesicles are synaptobrevin and p29 (see [ 11) . These vesicles also contain a proton-pumping ATPase of the vacuolar type [33] .
These antigens (at least synaptin/synaptophysin, SV2 and p65) are probably present in most if not all synaptic vesicles; therefore, it is not surprising that these antigens are found in all neurons and synaptic terminals. Furthermore, for several of them a widespread distribution throughout the endocrine system has already been demonstrated (see [ 13) . In the following section we will discuss the subcellular localization in these tissues.
Are major antigens of synaptic vesicles also found in large dense-core or endocrine veskles?
This is a rather controversial subject and we will first establish a point on which there is agreement, Navone et al. [34] , using immuno electron microscopy, have established that endocrine tissues contain a special type of vesicle (apparently without the dense core due to hormones) which contains a high concentration of synaptin/synaptophysin. These vesicles can also be identified by a different method, i.e. subcellular fractionation procedures [35] . Thus there is agreement between two groups on this point, whereas the possible localization of synaptin/ synaptophysin in the actual hormone-storing and neuronal large dense-core vesicles is more controversial. It was claimed based on the immunohistochemical results that these vesicles do not contain either synaptin/synaptophysin or synaptobrevin [34, 36, 371 . Furthermore, subcellular fractionation of posterior pituitary apparently confirmed the absence of synaptin/synaptobrevin and p65 from the large dense-core neurosecretory granules [38] . On the other hand, data from several other groups support the contrary. In a detailed subcellular fractionation study of adrenal medulla a significant part of synaptin/synaptophysin was found in chromafin granules ( [35] ; see also [39] for synaptin/synaptophysin and p65), although the actual concentration for single granules may be quite low [40] . This might explain the failure to localize these antigens in these organelles by the immunogold technique. Finally, Lowe et al. [41] using immunobeads (for SV2, p65 and synaptin/ synaptophysin) could specifically adsorb both chromafin granules and large dense-core vesicles Volume 
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Nervous System Membrane Proteins of PC12 cells, indicating the presence of the vesicle antigens in these organelles. An experiment demonstrating that chromafin granules contain these vesicle antigens is shown in Fig. 1. A resuspended sediment containing all the cell organelles of bovine adrenal medulla was subjected to density gradient centrifugation. In this gradient chromafin granules (cytochrome 6-56 1, dopamine /I-hydroxylase) sediment to the most dense fractions (1.8 M-sucrose solution). The synaptic vesicle antigens have distinct distribution patterns. Synaptin/synaptophysin is about evenly split between chromafin granules and a special light vesicle already mentioned above.
On the other hand, SV2 is more concentrated in chromafin granules, whereas p65 in this experiment (results not shown) was practically confined to these organelles. This latter finding is in agreement with Fournier et al. [39] . It cannot therefore be argued any more [37] that the presence of synaptic vesicle antigens in chromafin granules is due to a Subcellular distribution of antigens in bovine adrenal medulla contamination with a special vesicle containing these antigens. In this case one would expect similar ratios of all vesicle antigens throughout the gradient which is not the case (see Fig. 1 ). It has to be concluded that in adrenal medulla the three major synaptic vesicle antigens have a distinct subcellular distribution. They are present in chromafin granules and in a special light vesicle population. However, their relative concentration within these two organelles varies. The light vesicle has a high concentration of synaptin/synaptophysin, whereas p65 is more concentrated in chromaffin granules.
Biogenesis of large dense-core and small synaptic vesicles
Nerve terminals contain both large dense-core and small synaptic vesicles, and the relative concentration of the former is quite variable. Two hypotheses have been put forward to explain the biogenesis of these two vesicle types: (i) both vesicles are formed in the Golgi region and are transported to the terminals as two separate entities (see [ l]), or (ii) at least for adrenergic nerves, it has been proposed [42] that only large dense-core vesicles originate from the cell body and are transported via the axon to the terminal. There, after exocytosis, their retrieved membranes form the small synaptic vesicles (in adrenergic nerves they are represented by small dense-core vesicles). We will only discuss a few arguments which demonstrate that both these two hypotheses are dificult to reconcile with the available data. A crucial requirement for the first theory is that, in axons, both small and large dense-core vesicles should be found, or at least for small vesicle membranes should be axonally transported which allows the formation of functionally competent vesicles in the terminal. In subcellular fractionation experiments on sympathetic bovine splenic nerve, only large dense-core vesicles were found, which had all the typical membrane antigens including the amine carrier and catecholamines in their contents [24] . In addition, a light vesicle (or membrane) was found which contained synaptin/synaptophysin but did not contain a significant concentration of the amine carrier and apparently did not store catecholamines, whereas in the terminal the presence of a light vesicle having these properties was easily demonstrated [24] . These results are difficult to reconcile with the idea that small vesicles or their membranes which can take up and store catecholamines are transported to the terminal from the cell body. On the other hand, although the membranes of large and small vesicles contain many common or even an identical number of antigens, the results of several studies [ 34, 36, 381 clearly indicate that in small vesicles at least the synaptin/synaptophysin concentration is much higher than in large densecore vesicles. This argues against the second hypothesis which requires an identical composition of these two membranes. Clearly we should not yet reach definite conclusions. One possibility is that adrenergic nerves, for which the second hypothesis has been formulated, are different from other neurons where the first hypothesis applies. As an alternative possibility we have suggested [2] that small synaptic vesicles in the terminal are formed from axonally transported membranes containing a high concentration of synaptin/synaptophysin and from membranes of large dense-core vesicles contributing functional antigens, like the amine carrier, cytochrome b-561 and others. It may be significant that when the cDNA coding for synaptin/synaptophysin is transfected into fibroblasts, the derived protein is incorporated into membranes of an endocytotic/exocytotic cycle [43] . Does the high concentration of synaptin/synaptophysin in the newly formed (see above) synaptic vesicles in the terminal ensure that these vesicles can undergo several exo/ endocytosis cycles so that the transmitter taken up in each cycle by the carrier can be efficiently released?
Conclusions
It has become obvious that endocrine and neuronal large dense-core vesicles do not only have common secretory peptides, like the neuropeptides and chromogranins (see [44] ), but also share numerous common membrane antigens. The biosynthesis of at least some of these vesicle antigens can be turned on separately. Synaptic vesicles in nerve contain antigens, i.e. synaptin/synaptophysin, SV2 and p65, which are also found in endocrine tissues in a separate vesicle pool of unknown function. However, they are probably also present in endocrine and large dense-core vesicles, although this remains a controversial issue. The possibility is discussed that in nerve terminals small synaptic vesicles are formed from both the membranes of large densecore vesicles and of a synaptin/synaptophysincontaining vesicle.
